INTRODUCTION
The Intergovernmental Panel on Climate Change Tier 1 default emission factor is used in the United Kingdom to estimate enteric methane (CH 4 ) production for sheep with no consideration of effects of animal and dietary factors (NAEI, 2014) . This causes errors when developing national CH 4 emission inventories, because enteric CH 4 production can be influenced by diet, animal, and management factors. There is, therefore, an urgent need to develop more accurate emission factors specific to growing sheep and representative of the breeds and rearing systems used in the U.K. sheep industry.
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water arising from agricultural sources. Therefore, there is an increasing interest to detect the effect of animal and dietary factors on N output in sheep production systems.
However, there is little information available in the literature of effects of breed, sex, and diets on CH 4 emissions and N excretion in growing lambs. The lack of such information can impact the development of appropriate mitigation strategies to reduce the environmental footprint of sheep production systems. In hypothesis, concentrate may reduce CH 4 emissions. Therefore, the objectives of the present study were to investigate the effects of breed, sex, and concentrate supplementation on enteric CH 4 emissions and the efficiency of N utilization in growing lambs.
MATERIALS AND METHODS
The present study was conducted under the regulations of Department of Health, Social Services and Public Safety of Northern Ireland in accordance with the Animals (Scientific Procedures) Act 1986 (The Parliament of the United Kingdom, 1986).
Animals, Experimental Design, and Diets
Forty-eight lowland lambs were used in a completely randomized design (23-d period) with a factorial arrangement of treatments: 2 breeds (Highlander vs. Texel) × 3 sexes (female vs. intact male vs. wether) × 2 diets (fresh grass vs. fresh grass plus 0.5 kg/d pelleted concentrate). Animals (n = 48) were approximately 5 mo old and 36 ± 5.0 kg BW at the commencement of the study. Treatment allocations were balanced for sex, breed, and BW with 4 lambs for each breed-sex-diet combination. The 48 sheep were blocked in time in 8 groups when run through the 6 chambers with 1 sheep per chamber in sequence. Fresh grass was harvested daily from the first regrowth of perennial ryegrass (Lolium perenne) sward and offered ad libitum. The grass was rotationally cut among 3 plots within 1 paddock. Each plot had 2 wk regrowth before harvesting with 1 wk growth difference between each plot. Each plot was harvested and fed to the lambs for a week. This allowed the grass from each plot to be at a similar growth stage throughout the experiment. Sward heights were measured throughout the experimental period using a rising plate meter (Jenquip folding plate pasture meter; Jenquip, Feilding, New Zealand), with 20 sward height measurements being taken at random in a "W" formation across the area designated for cutting. The mean above-ground herbage masses for the cutting areas were then estimated using the following linear equation: herbage mass (kg of DM/ha) = (sward height [cm] × 316) + 330 (Jiao et al., 2014a) . The required paddock size was calculated depending on the feed intake of the lambs and the herbage mass. Concentrate contained (as-fed basis) 33.3% barley, 25.6% beet pulp, 25.6% soybean meal, 10.3% maize meal, 3.1% Molaferm (United Molasses GB, London, United Kingdom), and 2.1% vitamin and mineral premix (Trouw Intensive Lamb; Trouw UK, Cheshire, United Kingdom).
The 48 animals were individually housed in pens in 8 groups in sequence with 6 sheep for each time according to their schedule in chambers and fed experimental diets for 19 d before being transferred to individual calorimeter chambers for a further 4 d with feed intake, fecal and urine outputs, and CH 4 emissions measured. The sheep were individually housed in metabolic crates, which were individually placed in each chamber with 1 sheep per chamber. Each crate contained a feed bin, drinking water container, and separate trays to collect feces and urine. The chambers were opened once daily at 0900 h to deliver diet and water and collect feces and urine. The amount of fresh grass offered was adjusted based on average feed intake of the previous 2 d to ensure a 10% refusal. The chemical composition of the fresh grass and concentrate are shown in Table 1 .
Measurements
Quantities of feed offered and refused were recorded daily during the experiment period for each animal, and samples of fresh grass and refusals were retained daily for the measurement of DM content at 85°C for 24 h. Body weight was measured at the beginning of the study and before entering and after leaving the chamber. During the final 4 d when animals were housed in calorimeter chambers, fresh grass samples were taken daily and dried at 85°C for 24 h and the dried samples were bulked on a 2-d basis for analysis of GE, N, NDF, ADF, and ash. Simultaneously, a fresh grass sample was also taken and dried at 60°C for determination of water-soluble carbohydrate concentration. Concentrate was sampled daily and dried at 85°C for 24 h, and the 4-d samples were bulked for analysis of GE, N, NDF, ADF, starch, and ash. The quantities of feces and urine outputs were recorded daily during the 4 d in the chambers. The feces and urine samples taken during the first 3 d were stored at 4°C. Immediately after the last day of collection, the feces and urine samples of each animal in the 4 d were thoroughly, separately mixed and representative samples were taken for analysis. The feces samples were divided into 2 portions. One portion was used for measurement of N on a fresh basis immediately after the collection and the other portion was dried at 100°C for 48 h for determination of DM and then milled (0.8-mm sieve size) for analysis of GE, NDF, ADF, and ash. Urine samples were used for measurement of N and GE concentration, with GE measured in 10-mL freeze-dried samples, which were contained in self-sealing polythene bags of known weight and energy concentration.
Gross energy concentrations in grass, concentrate, feces, and urine were determined in an isoperibol bomb calorimeter (Parr Instruments Co., Moline, IL). Total N concentrations were analyzed on a fresh basis for samples of feces and urine and on a DM basis for fresh grass and concentrate samples using a Tecator Kjeldahl Auto 1030 Analyzer (Foss Tecator AB, Höganäs, Sweden). Crude protein concentration was determined as Kjeldahl N × 6.25. The concentrations of NDF and ADF were determined using the Tecator Fibertec System (Foss Tecator AB, Höganäs, Sweden) following procedures of Robertson and Van Soest (1981) . Ash was measured by combustion using a muffle furnace (Vecstar Ltd., Chesterfield, United Kingdom) at 550°C for 10 h (method 942.05; AOAC, 1990) .
Six indirect open-circuit respiration chambers were used with 1 sheep housed per chamber. The animals remained in the chambers for 4 d with measurement of CH 4 emissions. Methane values reported were the 4-d average for individual sheep. The calorimeter chambers were made with double Perspex (Lucite International, Darwen, United Kingdom) walls fitted in aluminum frames and mounted on a profiled floor, incorporating airlocks for entry. The total volume of 5.4 m 3 (2.0 m long, 1.5 m wide, and 1.8 m high) was ventilated by suction pumps set at range of 16 to 20 m3/h, allowing a slight negative pressure within the chambers. Temperature and humidity control were achieved with air conditioning units set at 16 ± 1°C and 60 ± 10% relative humidity, respectively. The exhaust air was removed from each chamber separately for measurement of volume, temperature, humidity, and pressure. The CH 4 concentrations in the air into and out of each individual chamber were measured every 14 min (the interval for each chamber and the ambient air at 2 min) using a MGA3000 Multi-Gas Analyzer (ADC Gas Analysis Ltd., Hoddesdon, Hertfordshire, United Kingdom). The analyzer was calibrated weekly using oxygen-free N2 (zero gas) and a known quantity of CH 4 (span gas). This determined the absolute range (0-500 μL/L) and the linearity within this range. The flow measurement systems were checked before and immediately after the experiment by releasing analytical grade CH 4 into the chambers, by determining the recovery of CH 4 . The purpose of the calibrations was to ensure a recovery rate of CH 4 at a range of 97 to 103%.
Statistical Analyses
Data were analyzed as a completely randomized design with a 2 (breed) × 3 (sex) × 2 (diet) factorial arrangement of treatments using general ANOVA for evaluation of the effects of breed, sex, and diet types on feed intake, nutrient digestibility, CH 4 emissions, and N utilization. The model used included the following terms as treatment structure-diet + breed + sex-whereas 8 chamber measurement periods were fitted as block structure (the 48 animals were blocked in time in 8 groups) with feed intake, nutrient digestibility, CH 4 emissions, and N utilization as the response variables. The statistical program used in the present study was Genstat statistical package (16th edition; Lawes Agricultural Trust, Rothamsted, United Kingdom) with a probability level of P = 0.05 for significance of treatments and interactions.
RESULTS
There were no interactions (P > 0.05) among breed, sex, and diet types on any variable of animal performance, nutrient digestibility, enteric CH 4 emissions, and N utilization. The results presented are focused on the main treatment effects.
Animal Performance and Nutrient Digestibility
The effects of diet, breed, and sex types on animal performance and nutrient digestibility are presented in Tables 2, 3 , and 4, respectively. Lambs offered 0.5 kg/d concentrate had greater DMI (P = 0.004) and energy (i.e., GE [P = 0.012], DE [P = 0.031], and ME [P = 0.007]) intake than those given only grass and consequently had greater (P = 0.023) BW (Table 2 ). However, there was no difference between the 2 diet types in DM (P = 0.883), OM (P = 0.888), and GE (P = 0.695) digestibility. Lambs fed concentrate had more (P = 0.021) digestible OM in DM than those offered only grass, whereas the digestibility of NDF (P = 0.002) and N (P = 0.004) were less than in those fed only grass. Feed (i.e., DM and energy) intake and nutrient digestibility were not different (P > 0.05) between Texels and Highlanders except that BW of Texels was greater (P = 0.007) and DMI per kilogram BW (P = 0.022) was less than those of Highlanders (Table 3) . There was no difference (P > 0.05) among the females, intact males, and wethers on any variable of animal performance and nutrient digestibility (Table 4) .
Enteric CH 4 Emissions
The effects of diet, breed, and sex types on enteric CH 4 emissions are presented in the first half of Tables 5,  6 , and 7, respectively. Lambs offered 0.5 kg/d concentrate had greater CH 4 emissions as grams per day than those given only fresh grass. However, diets had no effect (P > 0.05) on CH 4 emissions per kilogram BW and per kilogram feed intake (i.e., DM, OM, digestible DM, and digestible OM) or per megajoule energy (i.e., GE, DE, and ME) intake (Table 5) (Table 6 ). However, no difference (P > 0.05) was detected between the 2 breeds on CH 4 production in terms of grams per day or grams per kilogram BW. Females produced less CH 4 per day (P = 0.002) and per kilogram of BW (P = 0.030) than rams and wethers (Table 7) . However, the CH 4 emissions as a proportion of feed and energy intake were not different (P > 0.05) among the 3 sex types.
Nitrogen Utilization
The effects of diet, breed, and sex types on N utilization are presented in the second half of Tables 5, 6 , and 7, respectively. Lambs offered 0.5 kg/d concentrate had greater (P < 0.01) N intake, fecal N and manure N outputs, and fecal N per gram N intake than those given only fresh grass (Table 5 ). No differences (P > 0.05) in N intake, outputs, and utilization efficiency were found when compared between Texels and Highlanders (Table  6) or among the females, rams, and wethers (Table 7) .
DISCUSSION

Animal Performance and Nutrient Digestibility
The effect on DMI of adding concentrate supplementation to a forage depends on the digestibility of that forage (McDonald et al., 1995) . In the current study, the grass was immature perennial ryegrass, of which the digestibility was 79.3%. The grass DMI was reduced by 0.75 kg for each 1 kg of concentrate DM consumed. However, the total DMI, GE, DE, and ME intakes were increased by 0.25 kg, 4.1 MJ, 3.0 MJ, and 3.2 MJ for each 1 kg of concentrate DM consumed, respectively. Keady and Hanrahan (2015) measured the effects of high and medium feed value grass silage (DM digestibility of 74.5 and 71.3%, respectively) with a range of concentrate feed levels offered to 264 lambs. The results indicated that the high and medium feed value grass silage DMI was reduced by 0.52 and 0.27 kg for each 1 kg of concentrate DM consumed when the concentrate feeding level increased from 400 to 800 g/d. The greater digestibility of the fresh grass in the current It is generally considered that intake is restricted by the capacity of the rumen and that stretch and tension receptors in the rumen wall signal the degree of fill to the brain (McDonald et al., 1995) . A voluminous, bulky feed, such as the fresh grass in the current study, would have filled the rumen to a greater degree than concentrate and thus reduced the intake. But feed that is digested rapidly such as the concentrate in the present experiment promotes greater intake. The chemical component of feeds that determines their rate of digestion is mainly NDF, which is a measure of cell wall content. There is a negative relationship between the NDF content of feeds and the rate at which they are digested (McDonald et al., 1995) . However, feeds that are equal in digestibility but differ in NDF content would promote different intakes, such as the 2 diets in the present study with the same DM digestibility (i.e., 79.3%). The diet of grass with concentrate supplementation contained less cell wall and was consumed in quantities about 10% greater than only grass. Consequently, the final BW was greater for the lambs offered with concentrate. This was in agreement with the report by Keady and Hanrahan (2015) that increasing concentrate feed level increased the BW and ADG of lambs.
Digestibility of a feed is influenced by the composition of other feeds consumed with it. Although the grass had greater NDF composition than the concentrate in the current study, the digestibility of grass NDF was greater than that of the diet with concentrate supplementation. Liu et al. (2005) reported that NDF digestibility was less for sheep fed 450 g/d concentrate than those offered 350 g/d based on a cornstalk diet. Afshar et al. (2013) detected that fiber digestibility was greater in sheep when forage:concentrate was 60:40 compared with a 50:50 ratio. McDonald et al. (1995) concluded that when forage was supplemented with a starchy concentrate, rapid fermentation of starch to VFA depressed rumen pH. The low pH inhibited cellulolytic microorganisms and fiber digestibility was depressed. Therefore, the NDF digestibility of grass with concentrate supplementation in the present study was less than that of only grass.
Enteric CH 4 Emissions
There is a positive relationship between CH 4 production (g/d) and DMI and a negative relationship between CH 4 (g/kg DMI) and level of concentrate in the diet (Johnson and Johnson, 1995; Ellis et al., 2007; Popova et al., 2013 ). In the current study, lambs offered 0.5 kg fresh concentrate had greater DMI and, therefore, greater CH 4 production daily than those offered a grass-only diet. However, CH 4 grams per kilogram DMI for the diet containing concentrate was only numerically less (P = 0.408) than that of the fresh grass diet. Dry matter intake is a key driver of CH 4 emissions from animals (Ellis et al., 2007) . In an analysis of CH 4 emissions from sheep fed fresh ryegrass with widely varying composition, only 20% of the variation was associated with the chemical composition of feed and 80% of the variation in CH 4 production was explained by intake (Hammond et al., 2009 ). On the other hand, the effect of concentrate on CH 4 emissions very much depends on the supplementation level and the basal forage quality. In a meta-analysis of 87 experiments with 260 treatments involving cattle, sheep, and goats, Sauvant and Giger-Reverdin (2009) concluded that marked improvements in CH 4 /GE intake can be expected with beyond 35 to 40% inclusion of grain in the diet and this was also dependent on the level of feed intake. Jiao et al. (2014a) reported that the CH 4 /DMI was not affected (P > 0.05) after increasing concentrate feed level from 2.0 to 4.0 kg/cow per day but was decreased (P = 0.005) with 6.0 kg (34% of DM)/ cow per day when grazing perennial ryegrass-based swards. The insignificant reduction of CH 4 /DMI with adding 0.5 kg concentrate (35% of DM) in the current study reflected that small variation in dietary concentrate proportion was unlikely to affect CH 4 emissions when a high-quality forage is the basal diet. Therefore, decreased CH 4 /DMI due to increased inclusion of concentrate in the diet may be partially offset by increased quality of forage. To what extent this offset will take place is an area that needs to be investigated and included in prediction models. The results of the present study indicate that high-quality forages may play a role similar to concentrate in mitigation of enteric CH 4 emissions.
A number of recent studies have used chambers to measure CH 4 emissions from sheep offered fresh perennial ryegrass, with Sun et al. (2011 Sun et al. ( , 2012a Sun et al. ( ,b, 2015 reporting CH 4 production in a range of 19.5 to 23.8 g/kg DMI, Pinares-Patiño et al. (2011) reporting a range of 22.1 to 24.9 g/kg DMI, and Hammond et al. (2011 Hammond et al. ( , 2013 Hammond et al. ( , 2014 reporting a range of 20.2 to 27.0 g/kg DMI for sheep. The mean CH 4 emissions in the current study was 21.6 g/kg DMI. This value largely agrees with the results previously presented because of the very similar experimental situations. For example, the animals were all offered fresh cut perennial ryegrass and housed in individual chambers.
In contrast, Savian et al. (2014) measured CH 4 emissions from lambs when grazing perennial ryegrass using SF6 tracer technique, with an average CH 4 production of 19.5 g/kg DMI. This value is slightly less than the most of the results reported using chambers, which mirror possible differences between the 2 techniques, the determination of DMI using the n-alkanes technique, and also animal behavior indoors and outdoors. Another study performed by Lockyer (1997) reported a CH 4 production of 13.3 g/d from sheep grazing perennial ryegrass under near natural conditions using a tunnel system. Intake was not measured in this study but was estimated to be 0.44 kg/d, which averaged a CH 4 production of 30.2 g/kg DMI. This value is greater than those measured using chambers and SF6. The difference is likely due to the falling intake with decline of leaf material as grazing progressed. This resulted in an inadequate supply for maintenance requirement. The CH 4 emission rate at maintenance level is higher than that at levels above maintenance. The dilution of maintenance is a major factor for high-producing animals with a low rate of CH 4 emissions (Yan et al., 2010) . Furthermore, the technical difference between a chamber and a tunnel system could also contribute to this disagreement. The studies cited involve sheep of various breeds and sexes at different growing stages, producing a wide range of ADG and offering ryegrass of different maturities and chemical compositions and at several feed intakes. All of these factors can influence CH 4 emissions and, consequently, have reasonable potential to be involved in the mitigation strategies. Based on studies to date, average CH 4 yield for fresh perennial ryegrass should range from 19.5 to 30.2 g/kg DMI. Although many published studies have been designed to provide basic CH 4 emission values from grazing sheep or sheep offered fresh-cut grass, few have examined the effect of different sex and breed types on CH 4 emissions. However, in one recent study, Knight et al. (2008) reported that when grazing ryegrass, male lambs produced more CH 4 grams per day (14.1 vs. 12.8 g/d) and CH 4 grams per kilogram DMI (22.7 vs. 21 .0 g/kg) than female lambs with the mean BW and DMI of male and female lambs being not different (35.6 vs. 34.2 kg and 0.64 vs. 0.61 kg/d, respectively) using the SF6 technique. In common with these findings, intact male lambs in the current study produced more CH 4 grams per day (26.6 vs. 23.3 g/d; P < 0.01) and tended to produce more CH 4 grams per kilogram DMI (21.6 vs. 20.8; P = 0.1) than female lambs. However, the DMI and CH 4 (g/d) values were much greater in the current study, which may be due to the larger BW of the lambs and greater nutritive quality of the forage in the current experiment. The CH 4 grams per kilogram DMI values in the current study were slightly less than the reports of Knight et al. (2008) . The explanation could be the methodology difference between the SF6 technique and the chamber and also the different chemical composition of the ryegrass. Moreover, wethers produced CH 4 grams per day similar to intact male lambs but 10% greater than females in the present study. The results reflected that the hormone regime of the animal might have influence on intake and the accompanying BW and, therefore, affect the CH 4 emissions. However, the effect of sex on intake requires further investigation to understand relationships with CH 4 emissions from sheep.
Nitrogen Utilization
Nitrogen excretion in feces and urine represents a considerable loss from ruminant production systems (Castillo et al., 2000; Waldrip et al., 2013) . Manure N per N intake was calculated from N intake and output in feces and urine ranging from 84 to 93% in nonlactating cows and ranging from 69 to 73% in lactating cows, respectively (Wilkerson et al., 1997) . Jiao et al. (2014b) reported manure N outputs in a range of 57 to 76% of N intake in young Holstein cattle. Mikolayunas et al. (2011) found manure N of lactating dairy ewes ranging from 72.5 to 86.8% of N intake when offered different percentages of orchardgrass:alfalfa. The average manure N as a proportion of N intake in the current study was 74% across the 2 diets, 2 breeds, and 3 sexes of the lowland lambs. Using a data set summarizing 49 published studies, Dong et al. (2014) calculated manure N as being approximately 74% of total N intake in beef cattle. This value was the same as that obtained in the present study in lambs but less than that (78%) reported by Yan et al. (2007) in growing to finishing beef cattle. Data from these studies suggested that a single data set for manure N excretion could not be used to estimate the N loss in manure in all situations, as the results vary from 57 to 93% of N intake. This difference is likely due to the animals used being of various ages and BW and from different breeds and the forages and concentrate offered being of different ingredients and chemical compositions. All of these factors are likely to attribute to reasonable difference in N excretion as proportion of N intake.
There are positive relationships between daily N intake and fecal and urinary N excretion, respectively. Nitrogen intake has been suggested as a better predictor for fecal and urinary N excretion than other animal and dietary factors such as DMI, dietary CP content, and BW in beef cattle and dairy cows (Waldrip et al., 2013; Dong et al., 2014; Jiao et al., 2014b) . Those equations indicate that fecal and urine N are increased by 0.15 and 0.56 g (Waldrip et al., 2013) , 0.20 and 0.51 g (Dong et al., 2014) , and 0.29 and 0.48 g (Jiao et al., 2014b) with an increase in N intake by 1 g, respectively. In the current study, the N intake lost as fecal and urine N was increased by 0.27 and 0.41 g, respectively, with an increase in N intake by 1 g. The negative relationship between the efficiency of N utilization and dietary N concentration has also been reported in dairy cows and beef cattle (Monteils et al., 2002; Hristov et al., 2004; Yan et al., 2006; Waldrip et al., 2013) . However, no dif-ference in N concentration between the 2 diets in the current study was detected because of the high quality of the fresh cut ryegrass, and therefore, the concentrate supplementation tended to be a replacement rather than an addition to the fresh grass as previously discussed.
A shift in N excretion from urine to feces was observed by the concentrate supplementation, which also resulted in reduced N digestibility in the current study. Kirkpatrick et al. (1997) demonstrated that the proportion of N intake that was lost as urinary N was greatest in animals offered a silage-only diet among various forage:concentrate ratios of the grass silage-based diets in beef cattle. However, the N retention as proportion of N intake in their study was in a range of 11 to 18%, which is much less than the mean value of 26% observed in the current study. This is likely to be attributed to the different N utilization efficiency between the fresh grass and grass silage. The ensiling process can adversely affect protein quality and reduce N utilization efficiency and consequently increase N excretion in feces and urine of cattle (Kebreab et al., 2001) . Liu et al. (2005) reported that N intake and N excreted from feces increased with increasing concentrate level. The N digestibility was much less for the sheep given 450 g concentrate than those offered 350 g concentrate per day. Dong et al. (2014) demonstrated that there was a positive relationship between total tract N digestibility and the proportion of urinary N in total N excretion. Greater N digestibility would lead to a greater amount of N being absorbed as ammonia from the rumen or AA from the small intestine, and the excess N above requirements would be excreted in urine, thereby increasing the proportion of N excreted in urine. Furthermore, the concentrate in the current study was ground and pelleted. The concentrate itself and ground pelleted diets can both contribute to a high ruminal fractional outflow rate (Pinares-Patiño et al., 2003; Liu et al., 2005) . Greater rumen outflow rate can make more feedstuff enter into the small intestine, and more microbial protein is synthesized and subsequently excreted in feces (Wischer et al., 2014) . Based on the results above and those of the current study, addition of concentrate has a negative effect on the partitioning of total excreted N into urinary N. Less urinary N would result in less ammonia and N 2O emissions for grazing cattle and sheep.
Breed had no effect on N utilization in the present study. Elliott and Topps (1963) indicated that there were no differences between the breeds in apparent digestibility of N and efficiency of N utilization in steers given 4 levels of protein. However, the study conducted to determine the efficiency of N utilization using Angora and Boer goats as models of animals bred for fleece and meat production, respectively, showed that N digestibility was 5% less but N retention was 33% more in Angora goats. It is suggested that greater N retention could be an adaptive mechanism consequent to increasing the demand for AA via selection for fleece production (Cronje, 1992) . In comparison, the 2 breeds of growing lambs in the current study were both developed for high meat output in lowland sheep systems in Northern Ireland, which seems unlikely to evolve any different mechanism in the demand for meat production.
The N utilization efficiency was not affected by sex in the current study, although there was a tendency for the intact male lambs to have greater (P = 0.081) N intake than the females and the wethers. Jiao et al. (2014b) demonstrated that sex had no effect on N intake or excretion or N utilization efficiency in growing Holstein cattle. Sex did not influence the fecal N when offered diets with varying dietary N in white-tailed deer (Osborn and Ginnett, 2001 ). However, Monteith et al. (2014) found that fecal N of lactating female white-tailed deer was less than for males or nonlactating females throughout lactation on both high-and low-quality diets and hypothesized that the remodeling of the digestive tract and increased rumination by lactating females might enhance their ability to extract N from their forage. There is little information available in the literature about influence of the sex of lambs on N utilization efficiency. The results from this experiment suggested that the hormone regime of the lambs might not influence N utilization efficiency. However, it is not clear whether the N intake (or DMI) and N retention of the intact male lambs can be statistically greater than the females and wethers with different diets or at other ages.
Lambs offered 0.5 kg/d concentrate supplementation had no difference in DM, OM, and GE digestibility but had less NDF and N digestibility when compared with those fed only grass. Concentrate supplementation did not affect CH 4 /DMI (g/kg), indicating that concentrates might not be a feasible CH 4 -mitigation strategy for lambs fed high-quality forages. Texels produced more CH 4 /DMI (g/kg) than Highlanders, whereas sex had no effect on CH 4 /DMI (g/kg). Neither breed nor sex had an effect on N utilization efficiency. A shift in N excretion from urine to feces was observed with concentrate supplementation. The effects of sex and breed on rumen function require further investigation to understand relationships with CH 4 emissions and N excretion in sheep.
LITERATURE CITED
Afshar, S., S. Safari, H. R. Ferdowsi, and M. Kazemi-Bonchenari.
2013. 
